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Abstract
Introduction Because ofits highcomplication rate, theendo-
vascular treatment (EVT) of anterior communicating artery
(ACoA) aneurysms less than 3 mm in maximum diameter
remains controversial. We evaluated EVT of tiny ruptured
ACoA aneurysms with Guglielmi detachable coils (GDCs).
Methods We treated 19 ruptured ACoA aneurysms with a
maximum diameter of ≤3 mm with GDCs. The pretreat-
ment Hunt and Hess score was grade 1 in four patients,
grade 2 in six, grade 3 in six, and grade 4 in three. The
patients were clinically assessed before and after treatment
and with multiple angiographic follow-up studies.
Results All EVTs were successful; there were no aneurysm
perforations or any other treatment-related complications.
In five patients older than 80 years the transfemoral
approach was difficult, and the direct carotid approach
was used. Complete and near-complete occlusion was
achieved in 16 patients (84.2%) and 3 patients (15.8%),
respectively. Of the 19 patients, 16 (84.2%) were followed
angiographically for a median of 38.5 months (range 16–
72 months). None demonstrated recanalization of the
aneurysm requiring additional treatment. In 15 patients
(78.9%) the final outcome was good (modified Rankin scale,
mRS, score 0–2), and 3 patients (15.8%) died or suffered
severe disability (mRS score 4–6). None of 18 patients who
were followed clinically for a median of 39.5 months (range
17–84 months) experienced rebleeding.
Conclusion Even tiny ruptured ACoA aneurysms can be
safely treated by EVT by expert neurointerventionalists
using advanced techniques.
Keywords Aneurysmsize.Anteriorcommunicatingartery.
Cerebralaneurysm.Endovasculartreatment.Subarachnoid
hemorrhage
Introduction
Anterior communicating artery (ACoA) aneurysms in the
circle of Willis represent up to 39% of treated aneurysms
[1, 2]. The standard method of treating ACoA aneurysms
has been microsurgical clipping. However, advances in
endovascular techniques and the development of new de-
vices have made it possible to manage certain ACoA
aneurysms by endovascular treatment (EVT) and the
placement of Guglielmi detachable coils (GDCs) has
proven feasible and effective [3–6]. In fact, as EVT has
been shown to be superior to microsurgical clipping in
patients with ruptured aneurysms that could be treated by
either method [7], the use of EVT for ACoA aneurysms has
increased. However, the treatment of tiny ACoA aneurysms
whose maximum diameter is less than 3 mm by EVT
remains controversial because of a high complication rate,
including intraoperative aneurysm rupture [8].
Although detailed indications for selecting microsurgical
clipping or EVT to treat tiny aneurysms have yet to be
established, at our institution we tend to treat ruptured
aneurysms, including tiny ACoA aneurysms, with EVT. We
report here a retrospective review of a consecutive series of
patients with tiny ruptured ACoA aneurysms to assess the
feasibility, safety, and efficacy of EVT.
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Patient population
Between January 1999 and August 2007, 246 patients with
intracranial aneurysms were admitted to our institution for
EVT as the primary treatment option. Of these, 19 had
ruptured ACoA aneurysms with a maximum diameter of
3 mm or less. Surgery was considered as an alternative to
coil placement only after attempting EVT. For each patient
we recorded demographic data, clinical presentation (includ-
ing Hunt and Hess grade), any prior therapeutic intervention,
immediate angiographic results, treatment-related complica-
tions, immediate outcome, and outcome on follow-up stud-
ies. Immediate angiographic results and angiographic
follow-up results were recorded retrospectively by two
neurosurgeons (M.T. and K.K.).
Aneurysm classification
Two senior neurosurgeons (M.T. and K.K.) analyzed the
characteristics of the aneurysms (dome and neck sizes) by
precise measurements on three-dimensional (3-D) angio-
grams. Aneurysms were defined as tiny when the largest
diameter of the sac was 3 mm or less.
Endovascular treatment
The timing of EVT relative to the date of subarachnoid
hemorrhage (SAH) was recorded in all patients. All
aneurysms were embolized with GDCs (Boston Scientific,
Natick, MA) with the patient under general anesthesia.
Systemic heparinization was not performed; rather, hepa-
rinized saline was continuously infused from a guiding
catheter. In the transfemoral approach, a 6F guiding cath-
eter (Guider Softip; Boston Scientific) was inserted into
the petrous portion of the internal carotid artery (ICA).
When severe arteriosclerotic changes in the aortic arch
and carotid artery made it impossible to insert a guiding
catheter into the petrous portion of the ICA, the direct
carotid approach was employed. In this approach, we
percutaneously inserted a 5F sheath introducer into the
common carotid artery. A 5F guiding catheter (Tracker-38;
Boston Scientific) was then placed in the distal segment
of the ICA petrous portion.
Prior to EVT we obtained rotational angiograms and
performed 3-D reconstruction of the native projections. Then
we identified the working projections that provided the
surgeon with the best-achievable view of the aneurysm neck
and its relationships to the parent vessel and adjacent
branches. Using the road-mapping technique we performed
superselective catheterization of the aneurysm with an Excel
14 or SL10 microcatheter (Boston Scientific). In all proce-
dures we used steam to form a microcatheter of the same
length as the horizontal portion (A1 segment) of the anterior
cerebral artery (ACA) to be used as an access route (Fig. 1b).
The tip of the microcatheter was shaped according to the
direction of the aneurysm.
The aneurysms were embolized as densely as possible
using a detachable coil system; the coil diameter was
0.010 inch (GDC-10 Soft, GDC-10 Ultrasoft; Boston
Scientific). At the end of the procedure we obtained an-
giograms (frontal, lateral, and working projection) to rule
out occlusion of the parent artery and branches.
Complications, clinical outcomes, and follow-up
Usingmedicalrecords,weretrospectivelyrecordedprocedure-
relatedcomplicationsandclinicaloutcomes.Thepatientswere
clinicallyassessedbefore andaftertheprocedureandfollowed
up every 3–6 months after discharge from the hospital. The
clinical outcome was determined at the last follow-up visit.
Patients who were not followed at our institution were
interviewed by telephone. All outcomes were graded on the
modified Rankin scale (mRS) [9], where 0 = no symptoms,
1 = no marked disability despite symptoms, 2 = ability to
carry out all usual duties and activities, 3 = moderate
disability requiring some help and ability to walk without
assistance, 4 = moderately severe disability, inability to walk
without assistance and to attend bodily needs without
assistance, 5 = severe disability, bedridden, incontinent and
need for constant nursing care, and 6 = death.
Angiographic results and follow-up
Aneurysm occlusion at the end of the procedure and at
follow-up was considered complete when there was angio-
graphicevidencethattheaneurysmsacandneckwerepacked
and there was no filling of the aneurysm sac by contrast
material; near-complete when the sac was occluded but a
neck remnant was suspected or obviously present; and
incomplete when there was persistent opacification of a sac
remnant. Aneurysmdistentionwasevaluatedat the endofthe
procedure. Aneurysm distention after coiling was recorded
when the diameter of the coil mass was larger than the
aneurysm sac before coiling. Our angiographic follow-up
protocolforpatientswithtinyrupturedACoAaneurysmswas
the same as that typically used for other aneurysms; the first
follow-up study was carried out 3–6 months after treatment,
the second 12–18 months, the third 24–36 months, and the
fourth48 monthsorlaterafter EVT.Forangiographic follow-
up we obtained frontal, lateral, and working projections
defined during the endovascular procedure.
Aneurysm recanalization was recorded when a previously
completelyoccludedaneurysmexhibitedpartialorsmallneck
recanalization during follow-up or when the size of the neck
510 Neuroradiology (2008) 50:509–515remnant of a previously nearly completely occluded aneu-
rysm was found to have increased in size during follow-up.
Results
Patient demographics
Of the 19 patients, 8 (42.1%) were men and 11 (57.9%)
were women; their average age at presentation was
65.2 years (range 44–90 years). The Hunt and Hess grade
at the time of EVT was grade 1 in four patients (21.1%),
grade 2 in six (31.6%), grade 3 in six (31.6%), and grade 4
in three (15.8%); none was grade 5 (Table 1).
Aneurysm characteristics
All 19 were tiny saccular aneurysms; their maximum
diameter ranged from 2 to 3 mm (mean 2.8 mm). The
dome/neck ratio ranged from 1.1 to 2.1 (mean 1.57). None
of the aneurysms had been treated previously.
Results of EVT, treatment-related complications,
and angiographic results
All 19 aneurysms were successfully treated by EVT within
3 days of SAH onset (mean 1.4 days); there were no
aneurysm perforations or any other procedure-related
complications. The direct carotid approach was used in
five patients (26.3%) older than 80 years because of
systemic arteriosclerosis (patients 4, 5, 13, 17 and 19).
Neither the balloon-assisted (remodeling technique) nor the
stent-assisted technique was used to treat any of the 19
aneurysms. Complete occlusion was achieved in 16
aneurysms (84.2%; Figs. 1 and 2), and near-complete
occlusion in 3 aneurysms (15.8%). Ten aneurysms
(52.6%) showed distention (Figs. 1 and 3).
Treatment outcomes
Of the 19 patients, 1 (5.3%) died as a consequence of
vasospasm 9 days after EVT. The other 18 patients were
followed up for 17–84 months (median 39.5 months). None
Fig. 1 Patient 4. a Angiogram
of the left ICA shows a tiny
ACoA aneurysm with a maxi-
mum diameter of 2.5 mm
(arrow). b Photograph of a
steam-shaped microcatheter. The
shaping mandrel is bent to con-
form to the shape of the hori-
zontal portion of the anterior
cerebral artery. c Unsubtracted
image of the skull obtained with
the road-mapping technique
during treatment. Embolization
was with a GDC-10 Soft coil
measuring 2×60 mm. d Angio-
gram of the left ICA obtained at
the end of the procedure shows
complete occlusion of the aneu-
rysm. The diameter of the coil
mass was larger than that of the
aneurysm sac before emboliza-
tion, indicating aneurysm
distention
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score was 0 in eight patients (42.1%), 1 in four (21.1%), 2
in three (15.8%), and 3, 4, 5, and 6 in one patient (5.3%)
each.
Angiographic follow-up
Of the 19 embolized aneurysms, 16 (84.2%) were followed
up angiographically for a median of 38.5 months (range
16–72 months). Three patients were not available for
follow-up; one died (patient 18, Table 1) and in two
(patients 4 and 13) the clinical outcome was poor. Only 2
(12.5%) of the 16 aneurysms (patients 2 and 5) followed for
a median of 38.5 months showed recanalization (Table 1).
One completely occluded aneurysm showed a minor neck
filling after EVT (patient 5, Fig. 2), and one with near-
complete occlusion (patient 2) showed an increase in the
size of the neck remnant on angiograms obtained 3 months
after the procedure. However, these findings remained
stable on angiograms taken 48 and 64 months after EVT,
respectively. None of the 16 aneurysms showed recanali-
zation requiring additional treatment.
Discussion
Their deep location, complex arterial relationships, and
frequent association with anomalies of the ACoA render
microsurgical clipping of ACoA aneurysms difficult. The
efficacy and favorable outcome of EVT for ACoA
aneurysms have been reported [3–6]. EVT is particularly
advantageous when the fundus projects posteriorly because
microsurgical clipping tends to result in vessel occlusion
that can produce a sizable stroke [6]. Some patients
exhibited significant cognitive deficits after treatment of
their ruptured ACoA aneurysms [10]. The incidence of
cognitive impairment is lower in patients treated with EVT
than in those treated with surgical clipping because the
former method does not require direct manipulation of
surrounding brain tissue and perforator occlusion is rare in
patients undergoing EVT [11, 12]. A characteristic of
ACoA aneurysms is their development into tiny aneurysms
with a diameter of less than 3 mm [3]. We performed the
current study because although EVT of ACoA aneurysms
offers several advantages, no evaluations of EVT for tiny
ruptured ACoA aneurysms have appeared in the literature.
Table 1 Summary of 19 tiny ruptured ACoA aneurysm treated with endovascular treatment
Patient Aneurysm Coils
(no. × mm)
a
Angiographic
occlusion
Complication Follow-up
No. Age
(years)
Sex Hunt &
Hess
grade
Size
(mm)
Dome/
neck
ratio
Angiographic Clinical
Period
(months)
Recanalization Period
(months)
Outcome
(mRS score)
1 56 M 2 3×3×2.5 1.3 3×40, 2×30 Complete None 72 − 84 0
2 58 F 2 3×3×3 1.2 3×60, 2×20 Near-
complete
None 64 + 80 0
3 51 M 1 3×2.5×2.5 1.4 2×60, 2×30, 2×20 Complete None 60 − 60 0
4 89 F 3 2.5×2×2 1.5 2×60 Complete None NA − 36 4
5 82 F 2 2.5×2.5×2 1.7 2×60 Complete None 48 + 75 2
6 50 M 4 3×3×3 1.1 3×40, 2×40, 2×20 Complete None 52 − 70 1
7 44 F 1 3×2.5×3 1.6 3×60, 2×40 Complete None 48 − 64 0
8 58 F 3 3×3×3 1.8 3×60, 2×40, 2×10 Complete None 40 − 40 2
9 66 M 3 3×2.5×2.5 1.9 2.5×60, 2×30, 2×10 Near-
complete
None 36 − 58 1
10 79 F 2 2.5×2×2 1.1 2×60 Complete None 48 − 48 1
11 78 M 1 3×2.5×2.5 1.5 3×60, 2×60 Complete None 36 − 39 0
12 53 M 2 2.5×2.5×2 1.2 2.5×60, 2×30 Complete None 37 − 37 0
13 84 F 3 3×2.5×2.5 1.8 3×60, 2×20, 2×10 Complete None NA − 24 5
14 53 M 1 3×2×2 2.1 2×60, 2×40 Complete None 36 − 36 0
15 52 F 3 2×2×2 1.4 2×40, 2×30 Complete None 27 − 30 0
16 66 M 3 3×2.5×2.5 2.0 3×40, 2×20, 2×10 Complete None 25 − 30 1
17 83 F 4 3×3×3 1.7 3×40, 2×40 Complete None 24 − 27 3
18 47 F 4 3×2.5×3 1.9 3×80 Complete None NA − NA 6
19 90 F 2 2.5×2×2 1.7 2×40, 2×20 Near-
complete
None 16 − 17 2
NA not avairable
aAll coils used were GDC-10 Soft or GDC-10 Ultrasoft.
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of the left ICA shows a tiny
ACoA aneurysm with a maxi-
mum diameter of 2.5 mm.
b Unsubtracted image of the
skull obtained with the road-
mapping technique during treat-
ment. Embolization was with a
GDC-10 Soft coil measuring
2×60 mm. c Angiogram of the
left ICA obtained at the end of
the procedure shows complete
occlusion of the aneurysm.
d Angiogram of the left ICA
obtained at the 3-month follow-
up shows minor recanalization
of the neck (arrow). e The minor
neck filling was stable at the 48-
month follow-up
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ACoA aneurysms and encountered no intraoperative rup-
ture or any other treatment-related complications. More-
over, none of the aneurysms rebled during a median clinical
follow-up period of 39.5 months.
Intraoperative rupture is one of the most serious com-
plications of EVT for cerebral aneurysms and a small
aneurysm size is considered a risk factor [6, 8]. Thus, the
delicate control of therapeutic devices such as micro-
catheters and coils is necessary to prevent intraoperative
rupture and tiny aneurysms require particular control
because the space in the aneurysm sac is extremely limited.
On the other hand, the ability to control and track
therapeutic devices is restricted by the tortuosity and acute
angle of ACoA aneurysms [5, 6]. Moret et al. [5] found that
the presence of a looped cervical artery and intracranial
vessels rendered catheterization into the aneurysm impos-
sible in 9% of patients with ACoA aneurysms. Especially in
patients undergoing treatment for ACoA aneurysms, the
guiding catheter should be inserted as far as possible into
the distal portion of the ICA to ensure the control and
tracking of therapeutic devices. We consider this key for
successful EVT. Therefore, we chose the direct carotid
approach in cases where it was impossible to insert the
guiding catheter sufficiently into the ICA by the trans-
femoral approach. In the direct carotid approach we place a
5F guiding catheter into the distal segment of the petrous
portion of the ICA [13]. This improves control and tracking
of therapeutic devices even in patients with severe arterio-
sclerosis. The tortuosity of the access route to the aneurysm
may result in unexpected microcatheter movement, e.g. a
jump into the aneurysm sac, which in turn may lead to
aneurysm rupture. Taking into account the length of the A1
segment, we usually place a curve in the microcatheter; this
serves as an anchor to prevent jumping of the microcatheter
into the aneurysm sac. This made it possible to perform
EVT in all 19 patients without encountering intraoperative
rupture or any other treatment-related complications.
Some patients show recanalization of the embolized
aneurysm in the chronic stage after EVT. This is less
common with small aneurysms than it is with large/giant
aneurysms in the long term [14]. The reported recanaliza-
tion rate of large aneurysms (diameter more than 10 mm) is
as high as 50.6% while that of small aneurysms (diameter
less than 10 mm) is 21.3% [15]. However, the long-term
outcome of EVT for tiny aneurysms has not been reported.
Although 2 of 16 (12.5%) aneurysms in our series recana-
lized, angiographic follow-up for a median of 38.5 months
indicated that no patients with recanalized aneurysms
required additional treatment. Our findings suggest that stable
embolization of tiny aneurysms can be obtained over the long
term. Because GDCs retain their circular memory shape on
delivery into the aneurysm sac, they do not completely pack
the aneurysm volume and space remains between coils in the
sac. The more coils are introduced, the more dead space
develops and this may lead to coil compaction and recana-
lization of the aneurysm [16]. To treat large aneurysms with a
diameter exceeding 10 mm, 0.018-inch coils are frequently
used. As they are thicker and stiffer than 0.010-inch coils,
they tend to pile up, raising the likelihood of developing
dead space in larger aneurysms [16]. In contrast, the amount
of dead space between coils is thought to be small in tiny
compared to large aneurysms. In the presence of less dead
space, clots are easily formed in the dead space and the
complex of coils and clots fills the aneurysm sac at an earlier
stage. In addition, as the neck of tiny aneurysms tends to be
small, there tends to be less blood flow at that site, reducing
the risk of coil compaction [17]. However, dense packing is
Fig. 3 Patient 8. a Angiogram
of the left ICA shows a tiny
ACoA aneurysm with blebs.
b Angiogram of the left ICA
obtained at the end of the pro-
cedure. The aneurysm sac and
blebs are completely occluded
with coils. The coil mass is
larger than the aneurysm sac
before embolization (indicating
aneurysm distention)
514 Neuroradiology (2008) 50:509–515considered necessary even for tiny aneurysms since insuffi-
cient packing can result in coil compaction [18].
The optimal volume embolization ratio (VER) is recom-
mended to maintain long-term stability in embolized
aneurysms [17, 19]. With respect to tiny aneurysms, Suzuki
et al. [18] reported that the technique of coiling with one
coil by calculating the appropriate coil length on preoper-
ative angiograms can achieve optimal VER. However,
some ruptured aneurysms harbor an intraaneurysmal throm-
bus whose presence may result in an underestimation of the
aneurysm volume on preoperative angiograms [20]. In fact,
we encountered postembolization aneurysm distention
suggestive of an intraaneurysmal thrombus in 52.6% of
our patients. Since the presence of an intraaneurysmal
thrombus prevents the accurate calculation of VER, we did
not determine the VER in this study.
Although we were able to achieve complete or near-
complete occlusion with the single-catheter technique in all
of our patients, some tiny ACoA aneurysms cannot be easily
treated by EVT. In patients with tiny aneurysms, the
remodeling technique reportedly increases the risk of intra-
operative rupture [8]. Microsurgical clipping may be appro-
priate in these patients who require application of the
remodeling technique. This procedure may also be necessary
to treat aneurysms with a maximum diameter less than 2 mm
for which no appropriate coils are available at present.
Conclusion
EVTcan be used by expert neurointerventionalists to treat tiny
ruptured ACoA aneurysms if placement of the guiding catheter
is performed carefully and the microcatheter is shaped so as to
prevent its jumping during the procedure. Under favorable
embolization conditions, rebleeding can be prevented and
recanalization over the long term occurs infrequently.
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